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Demonstration of Tunable Optical Notch Filter
Using 1-D Opto-VLSI Processor
Chung-Kiak Poh, Kamal Alameh, Senior Member, IEEE, and Zhenglin Wang

Abstract—An opto-very-large-scale-integrated (opto-VLSI)based tunable optical filter structure is demonstrated. Filter
tunability is achieved by reconfiguring the holographic diffraction
grating of an opto-VLSI processor, allowing virtually any type of
filter response to be synthesized. A proof-of-concept tunable notch
filter with wavelength span of 7 nm is experimentally verified.
Index Terms—Opto-very-large-scale-integrated (opto-VLSI)
processor, phase hologram, tunable notch filter.

I. INTRODUCTION

addressed by a VLSI circuit to reconfigure a multiphase hologram capable of beam steering and/or shaping [8]. By incorporating a thin quarter-wave plate layer between the LC and
the VLSI backplane, a polarization-insensitive opto-VLSI processor can be realized, allowing optical beam steering with polarization-dependent loss as low as 0.5 dB [9].
The application of a periodic sequence of voltage ramps of
period across the opto-VLSI array aperture steers the incident
light beam to an angle (relative to the normal) given by the
general grating equation [10]

T

UNABLE optical filters are versatile devices that have applications in optical code-division multiple-access [1], [2],
variable optical attenuators [3], space to wavelength switches
[4], and dispersion compensators [5]. In particular, tunable optical notch filters are key components for spectral equalization
in wavelength-division-multiplexing (WDM) optical networks
[6], where the nonflat gain spectrum of erbium-doped fiber amplifiers (EDFA) leads to a power imbalance of the WDM channels, especially if many EDFAs are cascaded [7]. A dynamic
gain-equalizer is also of great interest because the gain spectrum
of the EDFA depends on its signal input power. Among potential technologies used for tunable notch filtering are mechanical switches [8], acoustooptic filters [9], and Fabry–Pérot filters [10]. Although these filter structures can tune the notch frequency, their ability to change the notch shape factor is limited.
In this letter, we report a dynamic optical notch filter
employing an opto-very-large-scale-integrated (opto-VLSI)
processor that generates dynamic digital diffraction gratings
to perform adaptive spectral attenuation through optical beam
steering. We experimentally demonstrate a tunable optical notch
filter by reconfiguring the beam steering phase holograms of
a one-dimensional (1-D) opto-VLSI processor. A computer
algorithm is developed which optimizes the steering phase holograms that couple specific spectral wavebands to the output fiber
port thus realizing a notch response with variable central wavelength and depth. A tuning range of 7 nm is demonstrated with a
notch bandwidth of 1.2 nm and less than 1-dB passband ripples.
II. THEORY
The key component of the tunable optical filter is the 1-D
opto-VLSI processor. The opto-VLSI processor comprises an
array of liquid crystal (LC) pixels that can be independently
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(1)
is the incident wavelength in free space,
is the
where
is the grating
angle of incidence relative to the normal,
period, is the number of pixels within the grating period, and
is the center-to-center spacing between the pixels.
The steering angle depends on the periodicity (and sign)
of the applied voltage ramp. Current LC materials suffer from
fringing field and resistance to rapid change in orientation and
as a consequence, a portion of the incident wavefront is steered
to the wrong angle, resulting in a loss in the correct direction
and high sidelobes [10]. The overall steering efficiency
is given by [10]
(2)
is the width of the flyback region. It is important to
where
note that the overall steering efficiency can be increased by increasing the number of pixels within a grating period. However,
this reduces the maximum steering angle as obvious from (1).
III. TUNABLE OPTICAL FILTER ARCHITECTURE
The architecture of the tunable optical filter is as shown in
Fig. 1. It consists of a circulator, fiber collimator, a diffraction
grating, and a 1-D opto-VLSI processor. The diffraction grating
maps the different wavebands of the collimated input optical
signal onto different pixel blocks on the active area of the optoVLSI processor. By driving each pixel block with the appropriate hologram, a waveband in that region can either be steered
back along the incidence path, thus coupling it into the fiber
collimator with minimum attenuation, or deliberately steered
“off-track” so that its power is partially coupled back into the
fiber collimator leading to a high optical attenuation for that
waveband component. By optimizing the phase holograms of
the pixel blocks, one can control the overlapping between the
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Fig. 1. Reconfigurable optical notch filter architecture. The pixels are
partitioned into pixel blocks; each has a different phase hologram that steers
to  back into the collimator.
incident wavebands from 

coupled waveband leading to a notch filter response with low
passband ripples.
IV. RESULTS AND DISCUSSION
An erbium amplified spontaneous emission source was used
to generate a broadband input optical signal of uniform spectrum, which was routed, through the circulator, to the fiber collimator and collimated at 1-mm diameter, as shown in Fig. 1.
The diffraction grating used in the experiments was a blazed
grating of 1200 lines/mm and the 1-D opto-VLSI processor had
1 4096 pixels. The maximum voltage applied to the pixels
was 5 V. The opto-VLSI processor used in the experiments
had a low reflectivity and a low fill factor resulting in a measured insertion loss of about 6–11 dB depending on the steering
angle. The measured two-way fiber coupling losses were around
2 dB. A program was written in LabVIEW to generate and send
command voltages in the form of 1-D image to the opto-VLSI
processor to generate optimized steering holograms for the incident wavebands. The program allowed the user to create as
many input channels as required, with each channel independently controlled in terms of position, width, and phase profile.
The default (or initial) phase hologram used for the real-time
optimization procedure was a blazed grating. The steered wavebands were coupled into the fiber and routed via the circulator to
the output port and monitored by an optical spectrum analyzer.
The first part of the experiment focused on the generation of
a flat passband filter. Multiple independent holograms with different widths and periods were optimized in real-time to synthesize a flat passband response with 7-nm bandwidth and a
ripple level less than 1 dB. This is shown in Fig. 2(b) as graph
whose corresponding hologram is shown in Fig. 2(a). The
limited bandwidth was due to the limited active area of the
opto-VLSI processor, which was around 6 mm. It was found
that the width of a pixel block influences the reflected power
coupled into the fiber collimator and hence controls the attenuation of the waveband associated to that pixel block. It was also
found that the position of the pixel block relative to the center of
the associated waveband influences the bandwidth and sidelobes
of the coupled wavebands. Note that, by using an opto-VLSI
processor with wider active window or diffraction grating with
lower groove frequency, a broader tuning wavelength span can
be achieved.

Fig. 2. (a) Holograms in the form of 1-D digital image for the flat-passband
and the various notch filter responses. H : Hologram for the flat passband;
H : Hologram for the notch filter with 10-dB attenuation; H : Hologram for the
notch filter with 15-dB attenuation; and H : Hologram for the notch filter with
20-dB attenuation. (b) Various filter responses that correspond to input hologram
from H to H . The notches are centered around 1529.5 nm.

Fig. 3. (a) H : Hologram used to generate the 10-dB notch filter centered
at 1528.1 nm. Changes in the hologram relative to H are highlighted. (b) A
10-dB-deep notch filter response centered at 1528.1 nm generated using
hologram H .

The second part of the experiments concentrated on the
demonstration of a reconfigurable notch filter response. A
notch was inserted at 1529.5 nm and was attenuated by 10, 15,
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corresponding to the flat notch region [Fig. 4(a)]. This validates
the potential of opto-VLSI technology to generate arbitrary
optical notch filter responses.
V. CONCLUSION
We have demonstrated a reconfigurable optical notch filter
based on a 1-D opto-VLSI processing. The ability to control the
bandwidth, central frequency, and depth of the notch filter has
been demonstrated over a 7-nm wavelength span with less than
1 dB of passband ripples.
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